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I - STALLING CHARA&l!ERISTICSAND AIUZRON EFFECTIVENESS

OF SEVERAL WING AND FLAP”ARRANGEMENTS .

By S. R. Alexander and Jqnes C. Sivells”

SUMMARY

@ investigation was conducted In the Langley lg-foot
pressure tunnel to determine the stalling characteristics,
aileron effqctlveness,

Y
d, to a limited extent, the longi-

tudinal stability of a ~-scale model of thd XB-36 airplane.

The model was “testedwith the original wing-flap configu-
ration and with several modifications to the outboard panels
and flap arrangement. The modifications to the outboard
wing panels consisted of (1) the original panels with mid-
chord slots shead of the ailerons, and (2) a ,revisedpanel
which incorporated changes in airfoil section, twist, plan
form, and aileron area. The flap arrangementsincluded full-
snd partial-span, single- and double-slotted configurations.. .

With the original w“i.ngand the full-span flap arrange-
ment the model exhibited unsatisfactory stalltig characte~-
istics, insufflci.entaileron effectiveness,particularly
with flaps deflected, and longitudinal instability after
the stall with flaps deflected.- The slotted panels were.
better $hsn the revised psnels”.inImpEoving the stalling ~
characteristics. None of the config~ations tested, how-
ever, produced satisfactory stalllng chtiecterlstlcs.
The configuration w$th the revised panels exhibited.b.etter
aileron effectiveness, which is .attrlbutedmainly to the
increase in aileroh area. With Ylaps.deflected, the
greatest improvement In slleron effectiveness was realized
by changing the flap configuration from full.span to



.

. .

2 rdRNO. mB23

partial span. The use.of partial-span, double-slotted
flaps produced a greater maximum lift coefficient than
that obtained with the other flap configurations but caused
a large change in trim lift coefficient. The static longi-
tudinal Instability after the stall experienced by the
model with flaps deflected for take-off and landing was
less severe with the modified outboard panels than with
the original wing.

INTRODUCTION

The Consolidated Vultee XB-36 airplane Is a proposed

9
six-engine, pus er-type, lcmg~range bomber.. Tests were

conducted on a
z

-scale model in the Langley lg-foot

pressure tunnel to determine the stability and control
characteristics of the airplane. In the course of this
investigation, it was found that the stalling character-
istics of the model, in its original configuration, were
unsatisfactory. Besides causing e loss in allercn effec-
tiveness near maximum llft, the stall was also accompanied --
by longitudinal instability efter maxtium llft was reached,
when the flaps were deflected for take-off or landing.
Attempts to rectify these unsatisfactory oondlti~s by the
use of mldchord or leading-edge spoiler arrangements proved ,
Inadequate. It was therefore considered inadvisable to
continue with the remainder of the testing schedule until
some practical solution to this problem was secured.

In a further attempt.to improve the”stalling character-
istics of the airplane, and thereby improve the aileron
effectiveness and longitudinal stability at high lift
coefficients, It was decided to investigate proposed modifi-
cations to the wing and flap arrangement. The manufacturer
proposed to incorporate midchord slots in the wing ahead -
of the ailerons. This proposal would:entail a mlninhmi
change to the airplane design. The Langley laboratory
proposed to eliminate the outboard fl~pa, to change the
Inboard flaps from ”single-slottedto double-slotted flaps,
and to revise the outboard wing panels by.ohang@g the
airfoil section, twist, plan form, and aileron gree,
Although it was realized that the greatest improvement
could be obtained if the entire wing was revised, the
revlslons propqsed by the Langley laboratory.wer~ restricted
to the outboard wing panels (from 62 percqnt .of the semi=
span to the wing tip) to facilitate changes-to the airplarie
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design, These revisions were based upon the .theoretlcal
sh”aly’sis’glwen h the appendix.. , ,S . .,

Subsequent Investigation revealed that,although
both proposals produced some improvement, the slotted-
panel oonfi.gurationcould be materially improved through
elimhation of the outboard flaps. Accordingly, this
configuration was further Investigated with both single-
and double-slotted inboard flaps, and, in order to prov~de
comparative data, the NACA panel oonflguration was ..also
tested with partial-spsn, single-slotted flaps.

This paper presents the results of stalling, aileron,
and some longitudinal sta~llity tests of the original and
both modified wing panels, various flap and spoiler arrange-
ments, and full and modified flap-nacelle seals,

COEFFICIENTS AND SYMBO”L3

The coefficients and symbols used herein are defined
as follows:

lift c~efficient, I/qS

drag ooeffictent, D/qS

pitching-moment coefficient, M/qSc

rolllng-moment coefficient, L~/q9b

rate of change of rolling-moment coefficient with

Tc “ thrust ooeffieient, T/pV’%

L lift, pounds

D drag, pounds; diameter of propeiler, feet

M pitching moment, foot-pounds ,

~t rolling”moment, foot-pounds

T effective thrust, pounds “

I
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q dynamic pressure of free stream, $@, pounds per
square foot “ -

,1
s wing area, square feet

o mean aerodynamic chord (?{.A.C.j, feet
,

b wing span, feet

pb/2V helix angle, radians

rolling velocity, radians per second
. ,

airspeed, ~eet per second

indicated airspeed, miles per hour

indicated airspeed at maximum lift coefficient, miles
per hour

mass density of air, slugs per cubic foot

angle of atteck of root chord, degrees

partial-spsn, single-slotted Inboerd-flap deflection,
degrees ~

partial-span, balsnced-split outboard-flap deflection,
degrees

partial-span, double-slotted inboard-flap deflection,
degrees

left aileron deflection, positive with trailing edge
down, degrees

elevator deflection, positive with trailing edge
down, degrees

test Reynolds number, Pvc/p “

~ach number, v/vc

coefficient of viscosity, pound seconds per square’“
foot

speed of sound in air, feet per second
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cl, , section lift coefflolent
... . ..

Y spanwlse location, percent of semispan

WI orlglnal wing

W2 wing with slotted outboard’panels

W3 wing with NAOA revised outboard
..

MODEL AND TESTS

panels

Model.- The model (fig. 1), with the exception of
the w= empennage and NACA dutboard wing panels, was
basically of all metal construction. Block inserts con-
taining the slots (figs, 2 and 3) were Incorporated .In
the outboerd panels for the W2 configuration. ThlS
outboard panel was replaced by the wooden NACApanel for
the tests of W3“ The model was kept smooth by filling

surface irregularities with crack filler and glazing putty
and, in addition, the wing was sprayed with lacquer and
rubbed in a chordwise directlcm with number 400 Carbo-
rundum p~per to provide an aerodynanlcally smooth surface.

Protuberances on tho fusel:.~~sincluded sighting
blisters, antennea for rndio-elec:ronlc devices, and air-
speed pitot-static masts. .

A comparison of the physic~l characteristics of the
wing configurations investigated IS given in table I
and figures 4 and 5.. It should be noted that the additional
washout for wing W3 was obtained by twisting the wing
sections about the aileron hinge line..

.
All-the flaps (figs. 5 and 6) were set manu”allyby

the use of brackets constructed to give the desired flap
deflection. Only the left ailerons, which were of ~onstant
chord (figs. 5 and 7), were deflected for the ailerm tests.
These ailerons were locked ?napuallyat the desired deflec-
tion and sealed by placing cellulose tape”along the gap
on both the upper and lower surfaces.

The wing .nacdlleswere constructed with air pass~es
to allow for internal airflow. Duct orifice plates and
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plugs at the exits provided means for adjusting the air flow.
Total and static pressure tubes were stitably located in
the left Inboard and outboard nacelles for the measurement
of al~flowquantitles.

It should be noted that two horizontal tail planes
were installed on the model in the course of the lnvestl-
gatlon. The original tail, which had an area of 4.95 square
feet and ~n aspect ratio of 4.4.9, was used during most of
the stalling and force tests of the original model. The
revised tail, which had an area of .4.99 square feet and
an aspect ratio of 5.50,wss used for the remainder of the
tests. The stabilizer was set at -70 to the wing-root
chord.

Tests.- The tests w~re conducted in the Langley
lg-f’o~essure tunnel with the air in the tunnel com-
pressed to an absolute pressure of about 35 pounds per
square inch. The model was mounted on the normal threa-
support system (fig. 8) md the aerodynamic forces end
moments were measured by means of a.six-component, simul-
taneously recording balance system.

With the exception of several stall investigations
made with the model propellers in oparatlon, and force
tests to determine the effect of the spoilers, the tests
presented herein were conducted St a dynamic pressure of
approximately 100 pounds per square foot, with the model
propellers removed. This velue of dynamic pressure
corresponds to G Reynolds number of about )+,500,000and
a Mach number of’about 0.17.

Wing Wl was tested at a“Reynolds n&ber of about

2,500,000 with operating propellers. The power conditions
for full-scale operation were simulated in the wind tunnel
by matching the propeller thrust coefficient of the model
with that of the olrplane at a given lift coefficient.
The blade angle was 21° at the 0.75 radius station for
all power-on tests. These power ratings were besed on
sea-level conditions
*O, 000 pounds.

and on a maximum gross weight of

The nacelle openings were adjusted to give “average
values of entrance velocity ratio and flow coefficient of
0.80 and 0.078, respectively. These values were selected
to simulate the nscelle airflow for the full-scale air-
plane when cruis$ng at 30,000 feet. The first tests ma~e

.
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with the partial-s~an. double-slotted

. ..

7
:,

I?laDsdeflected 50° “ “
for lsnd~g ~su.lt~~ @ ,a.m~imum “i”ift.oo~ff~cd.ent of la710 ..
Comp&rikon with the other mode1 oonfigurations tested made
it apparent thht this flap cctnfiguratlonwas not ‘anoptimum
one● Tests made with the”fla~s deflec~d 55° resulted in
lower maximum lift coefficients. Therefore, ohanges in
flap gap, vane position, and flap yosition appeared to-be .
necessary. ‘Because of’the model construction, it was not
feasible to change the flap or vane position. Consequently,
in order to decrease the flap gap, the flap-well lip was
extended 0.94 inch along the wing upper surface as shown
in figure 6. Tests of this arrangement showed satisfactory
Increases in ZUeximumlift at the land.$.n~flspdeflections.
The 500 flap deflection produced a slightly higher maximum
lift at a higher angle of attack than the..55°flap deflec-
tion. H6nce, the 500 flap deflection, with the flap-well
lip extended, was used for all tests presented herein in
which the double-slotted flaps were deflected for landlng...

.

The basic model c~nflgurations tepted are given In z
table 11.

RESULTS AND DISCUSSION

The results are presented in the fom of standard
nondtienslonal coefficients. The tare and interference
effects of the model-support struts were not obtained for
all the configurations, and therefore no corrections for
these effects were applied to the lift, drag, and pitching-
moment coefficients. Jet-boundary and~ir-flow mlsalinement .
corrections were applled to the angle of attack and the
drag coefficient. The rolllng-moment coeffiolents due to
deflection of the lefi,aileron were corrected for”jet-
boundary interference and model and tunnel asymmetry.

All coefficients were based on the mean aerodynamto
chord and wing area of the actual wings. Al-1moments wer,e ,
measured about the quarter-chord point of the mean aero- .
dynamic chord of wing Wl so that the sl~pes of -the
pitching-moment curves would ,notchagge.for otherwise .
slmllar model cbhfi’guratlons.‘-“ “.

In the course of the investigation, the original t&.1
plane was replaced by the revised “tallplane. The test
results presented are for the revised tail except where

.-.
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otheryise noted. A list of the figures presented herein
ts-given In table III and the results obtained from the
force tests are summarized in table IV. Included in
table IV are values f’or.W3 based on the wing area of WI
to facilitate comparison at the same airspeed snd airplaqe
weight. Values of drag coefflcientmsre given for a lift
coefflclen’t.”of0:4 (high-speed conditlcm) and 0,8 (oruising
condition).

Stalling Characteristics

The stalling characteristics of the several model
configurations were detbrmlned by the observation of tufts “
attached to the upper surface of the wing at the 30-, 50-,
70-, mad 90-percent wing-chord stations snd spaced about
5 inches spanwise. At every angle of attack at which the
flow pattezm changed, sketches and moving-picture reoords
were obtained. All values of lift ooefficlent presented
on the stall diagrams were o%tained with the tufts in
place. The value of the data Insofar es the detez%ination m
of the stalling characteristics of the wing are concerned .
will not be affected by the tall cmfiguration tested.

Wing W1.- The stalling characteristics observed for

this model configuration with flaps retracted and with
flaps deflected for landing are shown h figure S. At
the Reynolds number of about Z,500,000 the model propellers
wera operated to giva zero thrust throughout the lift
range Investigated. At the Reynolds number of 5,500,C)C)0, .
the propellers were removed.

In genersl, the stall started at the tralllng edge
of the wing adjacent to the outbasrd nacelles and progressed .
outboard and forward. The inboard sections partially
stalled, In most cases, after the outboard panels”were
completely stalled. “The rate of stall progression over
the outer-wing panels appeared to be more rapid when the
flaps were deflected, These results lndlcated unsatis-
factory stall progression whichj as will be shown later,
was accompanied by a loss of aileron effectiveness near
maximum lift coefficient, snd longitudinal instability
after maximum lift coefflciont was reached? The nature
of this stall is such that the pilot mey lose control of .
the airplane before being adequately warned. The actual
stalling cherscteristlcs for flap”neutral sre In fair
agreement with those predicted by an snslysls of the
spanwise sect~on-llft-coefficientdistribution (see appendix).

...!
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The analysis indioates thet the stall at the full-scple
Re~oldB ”nWmber”wouldbe more sevkme +han-.that-shownby
the model tests.

Upon the suggestion of the manufacturer, three .
spoilers of different vertical heights were tested on the
model In an.attempt to induce initial stall over the
inboard pqnel at-high values of lift coefficient. These
spoilers were located on the @-percent chord line of the
win

%!
u per surface and extended from the fuselage to the

cen r ine of the center nacelles. The vertical heights
of the spoilers were approximately 0.22, 1.0, and
2.0 percent of the w$ng-root chord, cR. The ()..~2-percent

CR spoiler dld.not affect the original stall pattern..
The 1.0- and 2.O-pmcent CR spoilers caused a complete
stall behind the spoiler throughout the lift range inves-
tigated. It was therefore concluded that, for this model,
these spoiler arrangements were ~sAtlsfactory.

Zn a further attempt to produce better stalling
oharaoteristics for the model, tests”of a leading-edge
spoiler arrangement were included in the investigation.
The sharp-nose, leading-edga spoiler wes located on the
model as shown In figure 10. It was estimated that, for
this position, the stegnatioripoint would occur at the
sherp edge at zero lift. A shller arrangement with the
sharp‘edge located in such a marner as to coincide with
the stagnation point for CL = C.8 was found to have
little effect on the stsll zmoEreAsion. In an effort to
minimize the effect of the spoilsr on the drag of the model,
the sharp leading edge WRS made to include an angle of
90”0with sides felred to the wing-section profile. .

Diagrams of the stall progression with and without
the spoilers and at comparable model configurations are
presented In figure 11 for two power conditions. The”
leading-edge spoiler arrangement did not change the stall
pattern at low lift coefficients, “butproduced intermittent
stall at the root sections.at higher lift coefficients.
A comparison of the spoiler-off data ~f figure 11 with’
the data of figure ~(a) indicates that Increasing the
thrust coefficient tends to clean up the stalled area tit
the root.

—

The results of force tests made on the
propellers removed and with and without the

model with
leadlng-edge “

. .
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spoiler are presented in fig~e 12. The spoiler decreased
the maximum “llftcoefficient 0.12 end 0.04 for the normal
and landing conditions, respectively, but Increased the
drag coefficient about,0.0020 below a lift coefficient of
0.8 for the normal condltlop-. The statl~ longitudinal
instability.after maximum lift coefficient, indicated by
the pitching-moment curve of the model,wes not as severe
with the spoilers on as,with the spoilers off.

This spoiler arrangement was not considered en
acceptable solution to the ~satisfactory stall of the
model Inasmuch as the stell progression was not improvdd.
In addition, the increase in drag, with flaps retracted,
at moderate lift coefficients end the loss in maximum
lift coefficient with flaps retrectod and deflected were
deemed prohibitive. . ..

Wing W2, with full-span flaps.- Tho stall ~rogression

for this model ,confi~r~tion is presentsd infigure 13{a).
The stall stsrted at approximately the sm~e pl~ce as on+
tha original wing and gradually pro~ressed tnbos.rd. The
rnldchordslots apparently retarded the stell pro~ression
outboard of the outboard nacelles Althougfithe flow over
the ailerons through nest of the llft range wag ve~y rough.

Whg w2, with partial-spen, single-slotted fleos.-
The stall t dl d Ith tl1 d 1 fi ti01’1 wtth
flaps defl~c~ede~o;at%~-off ~n~ ~“m~in~onmeg~~sented in
figure 13(b). In genersl, the stall pro~ression was-
similar for both flap conditions. The rough flow over
the ailerons typical of the slotted penels we’snet affected
by the change in flap configuration.

wing ‘u~, with partial-span, double-sl”ottedflaps.-
The s%all studies for this model configuration are sh~
In figure 13(c). The flap neutral characteristics”are
reproduced from ftgure 13(a). This configuration with
flaps deflected for lending may be worse then the Otkler

flap configurations tiasmuch as-the stell over the flaps
was decreesed, thereby decreasing the chances for a stall
werntig for the pilot. On the other hand, the stalled
aileron area at maximum lift wos slightly decreased. The
regions of rough flow over the ailerons were not affected
by the change In flap configuration.
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Wing Wz.’- The stalllhg characteristics of the NACA
arrangement are shown in figure 4. These pmels showed
some improvement over the original ~anela‘for the flap-
neutral co~dltion Inasmuch as the cente~ se’cttionsstalle”d
before the ailerons completely stalled. The dtall over “
the ailerons was not delayed as much with these panels as
with the slotted psqe~s. With flaps deflected, the stall
over “tlieailerons was but”sli~tly delayed by these panels
es oompared with the original wing and the stall over “the
flaps was eliminated by the actifi of the double-slotted
flaps. .. . . .

..

The Improvement in.the fltip-netitralstalling charaoter-
Istica predicted from the analysis presented In the appe’hdix
was only partially realized @ the actuel case possibly
because of the break in the wtig leadidg edge resultlng “
frcxnsweeping forward the leading edge of the outboard
psnels. As in the case of wing Wl; the analysis Indicates -
that the stall et the full-scale Reynolds number.would be.
more severe than that shown by the model tests.

Aileron Characteristics

The lift and rol~.tig-momentcharacteristics of the
model with the left aileron deflected were determined from
tests made St @ Reynolds number of about 4.,500,000with
the model propellers removed. The results-of these tests “
were used to estimate the aileron rolling.effectiveness
of the airplsne In terms of the developed helix angle,
pb/2V. This helix angle Is estimated to be approximately

0.8cZ
e.qual.to — where Cl

Czp ‘.
Is dependent upa the ~“pect

P
snd taper ratios of the wing plsn..form. -Thevalues of’ Ct-

for both wing plsn forms were calculated”from llfting-ltie=
theory to which an edge-velocity correction was applied
(method similar to that used in reference 1). These “values
were determined to be 0.548 for WI and YF2 and 0.563
for W3. The indicated airspeed was computed for the .
normal gross -weightof 265,000” po~ds, using the untrimmed
lift coefficient obtained with zero elevator deflection.

wing wl.- The aileron characteristics for the origtial
wing with the left aileron deflected over the rsnge, -200
to 20°, are presented in figure “15. The aileron rolling
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effectiveness, calculated in “te~s””ofthe es”tlmat~dhelix “
angle pb/2V for the airplane in the norpel bnd landing
configuration is shown in figure 16. The requirement for
satisfactory aileron effectiveness, “pb/2V = 0“.07 at
110 percent cf the stalling.speed, prescribed In reference 2,
will probably not be met by the ai-rplanefor any of the
flap configurations tested. A value of ~b~2V of 0.07
was obtained at higher speeds with the modsl equipped with
the partial-span, single-slotted f3aps deflected for lending.
It can clearly be seen that the outboard flaps were detri-
mental to the aileron effectiveness, particularly when the
aileron was deflected down. Near the stall, the rolling
moment due to the down aildrti bucame negetlve. This 10sS

In effectiveness results from the C1OSO proximity of the
down aileron and the deflected flap as shown In figure 6(b).
A value of pb/2V of only 0.031 was obtained et.110 percent “
of tha stalling speed wltinthe full-spsh flaps deflected, .
while a valuetof 0.052.was obtained with the partial-span “
flaps only, Both of thesa velues were low es a result of
the tip stall experienced with this wing.

Wing W2.- The aileron characteristics for the model
with %he slotted panels are presented’in figure 17. These
results are presented for fleps neutral and for the three
types of flaps deflected for lending. Tha left allaron
was deflected over the renge -25° to 20° for the condition
with the partial-span, double-slottedflaps and -20° to 20°
for the flaps neutrel, the fill-span and the partial-span,
single-slotted fl~ps. The estimated helix angle for these -
flap condi.tlonsare presented in figure 18. The addition
of the midchord slats did not appreciably increase the
eileron effectiveness at 110 percent of the stalling speed
even though they dld produce an improvement in the stalling
characteristics. The main effect of the slots was to “
maintain the rolllng effectiveness to lower speeds by
Increastig the maximum lift coefficient: The slots, how- :
ever, caused loss of aileron rolling effectiveness ~ough-”
out most of the climbing to high-speed range and, wit-h
flaps deflected, caused complete loss of effectiveness near
the stalling speed. A large improvement in rolling effec-
tiveness was obteined et low speeds by changing the “flap.
configuration.from full-span to”partiel.-span,thereby, -. :
eliminating the interference effects of the outboard flaps
on the flow over the silerons. The.rolllng moment due to ‘.
the down aileron, however, still became neg~tive near “
maximum lift coefficient. “Anacceptable value of pb/2V
of 0.07 was ettained et,110 percent of the stalling speed
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with differential aileron deflections of -2~” and 20° for
the o“oiidltlonwith partial-span, double-slotted flaps. It “
should be noted that it will be muoh more”difficult to
balance the aileron at the -250 deflection than at the -20°
defleotzon because of the rapid, nonlinear increase in’
hinge-moment coefficients in this range of aileron”detlec=
t$ons● On the other hand, the -25° deflection may not be

. neoessary if the aileron qrea is .inoreas.edto prdvi.db
‘satisfactorycontrol for the flap-neutral conditfon; . .* .

.- Figures 19 and 20 present the aileron
-dsmdestimatedh elixkgle respectively,charac er s

for the model equipped with the FJACA oute~ panels. With
the differential aileron deflection, the satisfactory T
aileron rolling effectiveness requirement are met at
110 percent of the stalling,speed and are exceeded for
higher speeds. This configuration, with its increased
aileron area, produced the greatest pb\2V value of any
of the configurations tested. The aileron effectiveness,
furthermore, is maintained beyond the stall, a conditicm
which was not realized for either.the W1 or W2 configu-
ration. Again, the aileron balance problem at the -250
deflection is quite important, although in this case, this
deflection may be decreased a few degrees without decreasing
the helix angle below 0.07. A comparison of the values
of pb/’2V at a given indicated airspeed makes the superior
aileron effectiveness of W3 still more apparent.

Lift, Drag, -d Pitching-Moment Characterlsti.cs

The lift, drag, and pitching-moment ohwacteristics
of the model with the several wing outer panels &d flap
configurations were determined from tests made”at a Reynolds
number of approximately 4,500,000. The stabilizer was set
at -7° to the wing-root chord and, with two exce tions in
which tliedeflection was -10° (figs. 23(b) and ~(b)), the
elevator was set at OO.

“ All of these tests were made with the revised hori- ‘“
zontal tail plane installed an tie model.

Wing Wl.- Some tests were made with fixed transition .
to show the effect of surface rough.ess on drag and longi-
tudinal stebility. The tr~ition was fixed (fig. 21) at
11 peroent of the wing ch~rd (approxi~atb location of the
front spar on the airplane). The lift, dreg, and.pitchlng-

..—-
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moment “characteristicsare
fixed transition fioreased
inoreased the dra~ below a

presented in figure 22. The
the maximum lift coefficient,
llft cbsff~cient of 1.1, and

.. didno.t affect the pitching moment appreciably. The longi-
tudinal instability qt the stell associated with this model-
wing conf~guratlon with full-span flaps is apparent from
an examin~tlon of the pitching-moment curves of figure 220
This instability is leas severe with the partial-spin,
single-slotted flaps and is not Indicated with flaps
retracted.

Wing W2.- The lift, drag, and pitchfig-moment
chara~s~cs for this model canfi.gurationare presented
in figure 23. The addition of the slots increased the
maximum lift coeftlcient for all three flep deflections
tested. The longitudinal instability at the stall has
been reduced for the take-off end landing configur~tions.
The slots did not appreciably affect the trimmed lift .
coefficient of the model with elevator neutral. .

The characteristics of the model with the partial.
span, double-slotted flaps deflected for landlng and with
the elevator set et Oo and -1Oo are presented In figure 23(b).
This flap configuration produced a still greater m.eximum
lift than was obtained with the other flap configurations.
The large change in trim lift coefficient experienced by
the model when the double-slotted flaps were deflected,
however, would probably cause an undesirable control con-
dition. This situation probably resulted from the increased
downwash over the horizontal tail surfaces caused by the
high concentration of lift at the wing center section when
the double-slotted flaps were deflacted.

Wing W3.- The, results of’ tests made on the model to
determine the aerodynamic characteristics of the NAOA psnels

‘with partial-span, single- and double-slotted flaps are
presented in figure ~. With the partisl-span; slngle-
slotte~ flaps deflected for lsnding, the NACA panels pro-
duced a lower v~lue of maximum lift coefficient than the
W1 and W2 configurations. The landing speed of !?/3
would, however, be the same as ‘Illif no change in weight
were involved because of the greater wing area of W3●

With flaps neutral end natural transition, the drag
characteristics of this wing ore essentially similar to
that of the orfglnal and slotted wing penels. The effect
of fixing the transition at 11 percent of the wing chord
for the flaps-retracted oondition was, In general, similar

do.
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to that for fixed transition on the original panel?. The
ma~mum lift coefficient obtained w~th t-hepartial-spsn,

- double.slotl%d ‘flapsdeflected for landing was lower for
this wing conflgurat~on then for.the slotted panels.

~ sn attempt to increase further the maximum 11ft,
full snd modified seals between the flaps and nacelles
were added as shown in figure 25. The seals showed s loss
in maximum lift coefficient rat~er than.an improvement
(fig. 26).

Static longitudinal instability after “thestall was
equally present for.the W3 as for the W2 configuration,
but was not as severe’as for t~e W1 config’.mation.

. . .*

Model Configur@Xori for Further Tests

At the completion of the tests described herein, the
manufacturer decided to Incorporate, in the design of the
first airplane, the conf’iguratlonwith the slotted panels
~d the partial-spen, single-slotted fleps (the slots in
the panels are intended to be closed when the flaps are
retracted). This decision wns msde on the basis of the
results of the tests snd from a ccmsideration of the
problems involved in the.production of the airplane.

The configuration selected has about the least unst?tis-
factory stalling progression of ony tested. The elimi-
nation of the outboard flap materially improved the aileron
effectiveness. Some sacrifice in m-hum lift coefficient
is Involved in this selection since an Increase in maximum
lift coefficient could be realized if the double-slotted
flap configuration hed been selected.

On the basis of the manufacturers deoision, the
configuration selected was used for further tests in the
Langley 19.-footpressure tunnel to determine the lateral
and longitudinal stability and control characteristics of .
the model.

. . CONCLUSIONS ...

. The following conclusions are indlcat~d by tests of

a &scale mode1 of the XB-36 airplane with several wing
and flap configurations:



---

. .

-.

MR No. L5B25

“1. The stallln~ progressions of ~11 configurations
tested are considered to be unsetj.afactory. Tha stall of
the original configuration originates at the outboard
nacelles and progresses graduelly outboard enveloping the
tips before the inboard-ec.tion stalls. The slotted panels
are more effective than the NMA panels in delaying the
stall over the ailerons. This delay ellows the stall to
move Inboard, except for the configuration with the double-
slotted flaps deflected where the action of the flaps cleans
up the stall over the center sec$ions. Althcugh the slotted
panels retard the stall over the ailerons, there remelns
a considerable amount of rough flow behind the slots.

It is estimated that about 86 percent of the
requi~~d value of pb\2V (0.07) can ba obtained at 110
percent of the stalling speed, with the orlglnal confi~-
ration with flaps neutral. ‘Whenthe full-span flaps are
deflected, a serious loss in rolllng effectiveness Is
experienced. The addition of the rnidchordslots In the
outboard penelsdoes not 8p~reCi0.blyincrease the e:leron
effectiveness at 110 percent of the stel.lingspeed even
though the stall over the outboard panels 3s del~yed. At
speeds higher then 110 percent of the stelling spGed, the
slots lower the aileron effectiveness, except for the
condition of full-span flaps deflected. A large increase
in effectiveness, et 110 percent of the stalling speed, is
realized when the flap configuration is changed from full
spen to partial span. With differential deflection, -250 .
and 20°, of the ailerons, It Is astin18tedth~t e value of
pb\2V equal to 0.07 csn be obtained with the condition
of parti~l-span, double-slotted flaps deflected and slots
open in the outboerd panels. With the NACA outboard panels,
which h8ve greater aileron area, the required value of
pb\2V equal to 0.07 is exceeded with differential aileron
deflection, -250 ~d 200, for both the conditions of fl~ps
neutral end with psrtial-span, double-slotted fleps deflected
for landing.

39 The greatest maximum lift coefficient is obtained
with the configurations incorporating the slotted penels.
The partial-spen, double-slotted flaps produce a greater
increment of maximum lift coefficient than either the full-
span or the single-slotted flap arrangement. There Is
little difference between the maximum lift coefficient
obtained with the original panels end th~t obtained with
the NACA panels. The 8ddition of flap-nacelle seals slightly
decreases the maximum lift co0ftlci3nt fOr W3.
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. . . 40 .me longitudinal instability at the stall
experienced with flaps defleot6d”6n the original Wing was
not as severe for either the slotted or the NACA psnels.
The partial-spsn, double-slotted flaps cause a much greater
ahange h trim than either the full-span or the sin@e-
SIQtted flap configuration.

.

tmgley Memorial Aeronautical Laborato~ “
National Advtsory Comm$tte.efor Aeronautics

Langley Field, Vs., February 25, 1945
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THEORETICAL ANAIX9ES FOR WINGS, WI AND W3

The analyses for wings WI and W3 were made for only
the flap-neutral condition because of the inadequacy of
such analyses for flap-deflected conditions. The effects
of fuselage, nacelles, ducts, and the sweepback of the
wings could not be taken into actiountin the rmthod used
for analysis. It was realized that sweepback might have
an adverse effect on the stalling characteristics but qly
improvement gained by altering the wing design should be
app~ent whether or not the effect of sweepback is included
in the analyses.

The method of enelysis is that described in reference
This method consists essentially of determining the petit
at which the curvs of the spanwise distribution of the
section lift coefficient becomes tangent to the curve of
the spanwise variaticm of the maximum llft coefficient of
each section (see figs. 27 and 28). The spanwise location
of the point of tangency represents the point at which
stalling is expected to begin. The margin between the
two curves Is an indication of the mannar in which the
stall will progress. To avoid tip stslling, it is recom-
mended In reference 4 that there should be a margin of at
least OZ = 0.1 at 0.70 of the semispen. The value of the
wing lift coefficient required to Iuel@the curves tengent
Is the theoretical maximum lift coefficimt obtainable.
The meximum lift coefficient of each section was obtained
from section data for the particular Reynolds number and
thickness of each section. The section lift coefficient
was elso obtained from section data by means of the method
of computing the span-load dfstributiQn described in
reference 5. This method uses actual section data instead
of assuming straight-line lift curves.

The results of the analysis for wing W1 is shown
in figure 27. For the model Reynolds number of 5,500,000,
the curves indicate that the stall would start from about
0..35to 0.65 of the semispan and, because of the small
margin at”O.70 of the semispan, would spread rapidly toward
the tip. For the full-scale Reynolds number of 22,000,000
based upon e speed of about 100 miles per hour, the curves

3.
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-indicate that the stall would start at about ().90of the
se~lsptio”-.Th6$e-Snalyses>Indi-catathat the stalling
charaoterlstics of the model as observed in the tunnel
wou”ldbe unsatlafactory eveh thou@ the stall would start ““
further Inboard than on the full-scale airplane.due to
the difference In Reynolds number. The effects of the
jet bo~dsry on the model stalling characteristics were
computed and found to be negligible.

..
The.design of wing W3 was influenced by a number

of factors.. Although it was realized that the greatest
improvement In stalling characteristics would result from
a redesign of the entire wing, practical considerations
limited the design to the wing panel outboard of a station
approximately 62 percent of the semispan. This station
is outboard of the outboard nacelle end approximates the
line of detachment of the outboard wtig panels on both the
model and the full-scale airplane. lh order to minimize
any increase in drag f’orthe new wing panels, the use of
fixed slots was not considered, although such use might
improve the stalling characteristics. The tip chord was
increased by 50 percent to decrease thd taper ratio. Thia
increase was distributed on each side of the original plan
form in such a manner as to kesp the location of the aero-
dynamic center of the wing the s~me as that of the original
wing. In order to increase the mcximum lift coefficient
obtainable at the tip and the ~n;~l~~of attqck for this
lift coefficient, the tip airfoil section was changed from
an NAOA 63(420)-517 section to an NACA 65 3~5)-517 section.

!As a further prevention @geinst tip st~ll ng, the washout
was inoreased to 30 at approximately the 75-percent sami-
s an station (location of outboard end of aileron tab) and
4~ at the tip. This incnease in washout was obtained by
twisting the wing panel about the aileron hinge line.

The results of the analysis for wing 33 is shown
in figure 28. For the modal Re,~olds number of 4.,700,000,
the curves indicate that the stall would start from 0.30
to 0.50 of tie semispsn and would be more satisfactory
than that of W, since it would not tend to spread to
the tip. For &e full-scale Reynolds number

t
the curves

indioate that the stall would-start about O. 0 of the
semispsn. Again, the Reynolds number effect makes the
stalling characteristics of the model somewhat optimistic
compared to those of the full-scele airplane.
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The analyses for the two wings “(W1 and W3) Indicate
that the stalllng characteristics of !43 will be better
than those of WI. The stall wI1l probably start further
inboard and not spreed outboard as fast. Any effect:due
to sweepback would also favor ‘3 ,~since the sweepback of

the outboerd panel is reduced about 2~-. The improvement

in stalling characteristics Is obtained at sn expense of.
only about >-percent increase in ~.nduceddrag for a. “

2
oruising condition of 288 miles par hour at 30,000 feet
altitude and a gross weight of 265,000 pounds.

No analysis for wing w~ could be made because of”
the lack of two-dimensional dat~ applicable to this wing.

. .

.

.

c
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TABLEI

FLAPAND AILERONCHARACTERISTICS

Symbol for Chord,peroent Span, percent

Wing Surface deflection wingchordrcld-wln~aernispan
spanof surface Figure

Wl~~2,w3 Inboardflap Slotted ~fi 25 @ 5(a)
5(b)&&a)

w~,W2 Outboardflap Balancedsplit %’o 20 38 5(a)&6(b

W2)W3 Inboardflap Doubleslotted ~f~ 27 42 6“

Wl?W2 Aileron sealed 6a 15 38 5(a)&
7

‘3 Aileron Sealed 8a 16 43 5(;)&

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS.
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TABLE II

WIN(3AND FLAP CONFIGURATIONS

Wing Symbol Flap 6f ~fo 6f
(de&)

Fll@t oondltion
(deg) (de~)

CVAC original WI full-span o ----- Normal ,
wing

N
~: ----- Take-off

----- Landing ‘

------Do----- W1 partial-span,
single-slot-
ted ~o ----- ----- Landing

Originalwing W2 full-span o ----- Normal
with slotted :0 -.---

J+o g:
Take-off

outer panels ----- Landing

------Do------ w~ partial-span,
single-slot- ----- ----- Take-of f ‘
ted c ---.- ----- Landing

------Do------ W2 partial-span, .---- ----- 0 Normal
double-slot- .---- ----- 50 Landing
ted

Originalwing
‘3

partial-span, ----- --Q-- Normal
wing NACA t3ingle-slot- 20 ----- ----. Take-off
outer panels tod ho ----- ----- Landing

------Do------
‘3

partial-span, ----- ----- 0 lformal
louble-slot- ----- ----- 50 Landing
ted

NATlONAL ADVISORY

COMMITTEE FOR AERONAUTICS.
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TABLE III

LIST OF FIGUR2S

“Figure “no; *of Prns8ntmtlon Modal Wing Remarks

1 Y-view of the mod.1 VI

2

Drawing

Details of itildchordslot ~z , Da

5(a) &3(b) Clo?e UP of mldchord slot ~z

4

Photogra#I

Rigging dlsgrom and physical characteristics W! W2S & !3 Drn!llng
of the .Ing plsnrormn

5( II) Lmtalls of flap and aileron arrangement WI & W2 flo.

5(b) ------------------~ o------------------- W3 m

6(a) & 6(b) Flap posltlons tested q. W2, k W m

7 Canp. rlson of me.led m:lernns -.--+ 0----- Do

8 Model set-up in temt aectlon W1 Photograph

9(. ) stalling characteristics w Normal fllght and landln condl-
8tlons: Tb =. o; R~ 2,5 0,000

9(b) --.-.------- ~o---------- W1 Normal flight condition; ?rOP-
ellers removed; R= 5,500,000

10 Le.ding-edge spoiler installation W1 Drawing

n(e) stallln~ ch. racterlstlcs W1 Normnl Cllght condltlon; rated
power; spoilers off and on;
R~2,5UJ,000

n(b) ------------ DO---------- W1 Landing .o”dlt.ion; &O-lmrWnt
rated power; ap.llera on .ml
Off; R= 2,5 M,000

12(!I) Aerodyhamlc characteristics of the ❑ odel fll CD, a,
5’

v. CL; normal flight
with lesdln,rj-edge3PollQ.rs condit on; R =2,5c13,000

12(b) ------------. ----~ o--------------------- %
CDGA;?%V% ‘*;%:’ng cO”di-

15(, ) stalling characterlstlcs; full-span fla?s W2 Normal flight, take-off, and land-
ing conditions; propeller. off;
R ~ 4,9 J,000

l~(b) Stallln F ch.recterl.tics; partial-span, % T.k. -orf .“d lu.ding cmdl tlons;
single-slo”tted fl.pe propeller. off; R ~ b, 500,000

13(. ) Stall!ng character lstlcs; partl.l-. pan, W2 Normal fll~ht, Ud land.
double -slottad flap% Lng conditions; propeller. ofr;

R~ h,500,000

111 st.sllln~ characterlatlcn ‘3 Do

15(a) Aileron .haracterlstl. s % c,, CL, Vs a.
4

normal fll@lt co.dl -
tion; R= ,500,000

15(b) Aileron Chnr.cterl.tics; fwll-spem, s lngle- W1
slotted flaps

CL. CL vu a; landing c.ndltim:
Rs ~, 500,000

15(. ) Aileron characterlstlce; partial-span, % Da
,In,gle-slotted rle.ps

16 Estimated helix an@ W1
PQ ,. v ; 1101.M1 fllght and

12v land ng condl tlons

17(al Aileron ch.racter:stlcs *2 cl, cL, v. =; nOITOal flight c.Otil -
tlon; R =h,500,000

l~(b) AllOron chur.cter:stlc%: full-span, single - W2
slotted fla Fu

Ct. CL vs a: landlng condltlon:
RSL,500.000

17(. ) Aileron characterlstica; partial-span, 92 00
single-.lotced flaps

17(d) Aileron characterlstlcs; partl.1-span, W2 O-a
double-slotted Claps

18 E.tlm. ted helix .ngle “W2 k?!?.s v ; normal flight and
12V land ng condltlona

15(CI) Aileron character. tics Y3 c%%; Fsai, %%orli*’ cOndi-

l$(b) Aileron Character lstl. s;partial-sp.n, w3
double-slotted rlaps

cI. CL VS a; landlng condltlsn;
LRz ,500, W0

20 Estimated helix angle W!wv;
%

normal f’ll@t ●nd
2V lwid~”~ conditions

. NATIONAL ADVISORY
COMMITTEECX AERONAUTICS
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TABE III (Conoluded)

CONFIDENTIAL
MATIQMAL ADVISORY

Cownlllu m Acfflww.s

!flgulw No. .rJPO of Frenantmticm Modml wing pu*m

21(a) & 21(b) Btmlls of transition strlpm ~3 ?tlotoqmrAl

22 [a) A.rOdJII-l F Char.. terlmtics: full. .IXI ‘1 CD* al
pnrtlnl-mpmn; slnglo-slotted flaps 5

, vs CL; nomal flight,
take-o f, ●nd landing’ condl.
tlona; R- 4,500,000

22(b) A9+0dyna.nic Charmcteri.tics; full-spmn,
“1 CD, =,

%
, v. gL; normal flight

single-slotted flmpa; fix-d transition and la ding condltlono;
R S 4,500,000

23 (~) ., AOrodynCml C Ch.r. cterlsticm; fU1l-.WU
end pnrtlml-span, alngle-.lotted flmpa “2 c“~~;~~;t:;;~yl=::!:t’

,,

25.(b) Aerolynamlc charscterlatlca; partial-.pan, *2
double-slotted flapm

CD, a, ‘%! ‘s CL; ‘0-1 ‘li@t
md landing co”dltions.

214(ml

% = OO”and -lOO; R= .4,500,000

Aerodynamic .haracterl. tlcm; partial -.pmn, ~3single- slott.d flaps .
CD”,a, cm. W CL; normal fli@t.,

take-off, snd larding condl -
tlom; R= 4,5 C0,000

~(b) Aamdynauic charactorintlow ; p.rtiml-.p.n, W3
double-slotted flmpa; nmtural and fixed

CD. a, Cm, V.S C ; noIunl fll,@t
~

trmnsl tlon
and Iandlng c ndltionm;
be = 0° and -lOO; R= 4,5w,000

25(a) & 25(b) cetalls of flap. n.celle scale
‘5

Photograph

%6 Aarodpandc character13tics; full and ‘3 CD, =. %. vs C : landing cOndl -
mc-difled flap-nacelle seals btlo”; RS 4,5 0,000

27 Sp.nwiaa sactlon-llft-coefficient diatribu- %
tion

CL vu 7; no~.1 flight condltlcm

28 -------------------W-----------------------
13

m
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TABLE IV - sUMMARY OF RCSULTS AT R= b,500.000
NATIONAL AOVISORY

COMMITTIE mMaoNAullcs

-#Cdol
?lap deflection

1

*mt 1.lVS
Conflg.nmtl.n ,7/1ng (dog) c

&& :

b

‘:” ‘: “:.

a

: :) ‘:: :::

-4

‘:::: :: :6,

d

;-,

@

~ : : : : :: :.: :: : : : : :;::. “

H “, @ --- -- ,.,, le., ,.* .,0.2 .108 ---- .0,1 1;(:,;,,,

w

-4 ,,2 0 , . 1.58 ,,., ,.,lj .0,0 .0, ---- .062 l~(:,;,;,

/

/
/

~2 20 50 --- 1.f?6 16.0 1.10 ---- .099 ---- ---- 23(m)

-“

Lo 50 --- 2.12 14.6 1.38 ---- ---- ---- .039 17(b),18,
k 25(. )

4 ‘2

*

W2 Lo --- --- 2.OIJ 15.6 1.50 .105 .113 ---- .C55 I?(c),18,
& 23(. )

@ “2 - -. 5 ,~ ,5.7 1.,, -------- 0.070 .65 l~(:,i:;j

-

-H

W3 ‘-- ‘-- 0
1.35 21.1 1.05 ---.--.- .c76 .069 .9(a),20,

k 24(. )

‘1.40 ●1.11 +.02 8 ●.C~

& ‘3 20 ‘-- ‘-- ~z = z L ‘“ ‘:; 3 ‘--- ‘: - ‘h(a)

-

ho --- --- 1.8s 16. L 1 .--/0 ---- --.- ---- ---- 2L(, )

●
95

● .--*

e ‘3

7 5 115

w

‘3 --“ --- 5°
2.10 16.8 1.88 ---- ---- .076 .063 19(b) 20,

& 2~(b)

‘J~.~: “1.91 -- -- ..- - --- - --- - b

“co.rflci.nts bnsod on ore. .r :Vl
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(a) Wing upper surface.

(b) Wing lowersurface.

Figure3.- Midchordslot;~-scale model oftheXB-36 airplane,
14
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Figure 8,- A L-scale model oftheXB-36 airplanemountedon thenormalsupportsInthe
14 testsectionoftheLangley19-footpressurehmnel.
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(a) Top view.

(b) Side view.

Figure 21. - Transition strip; 1—-scale model of the XB-36 airplane.
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(a) Full seal.

(b) Modified seal.

Figure 25. - Flap-nacelle seals; 1—-scale model of the XB -36 airplane.
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